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Brat rst. hd&w8. Amqg6 of cbwn @a. 

Temperature of room.. ........................................ 
Temperature between coat and vest.. .......................... 
Temperature between vest and linen shirt.. .................... 
Temperature between linen shirt and woolen undershirt.. ...... 
Temperature between woolen undershirt and skin. ............ 
Temperature under the tongue (average of six days). ........... 

Atmospheric temperature.. .................................... 
Temperature between coat and vest. ........................... 
Temperature between vest and linen shirt.. .................... 
Temperature between linen shirt and woolen undershirt. ....... 
Temperature between woolen Undershirt and skin.. ............ 
Temperature under the tongue (average of six days). ........... 

Third aet. Ouklool.s tswntg minutss. Atwag6 of slewn hp. 
Atmospheric temperature. ....................................... 
Temperature between coat and vest.. .......................... 
Temperature between vest and linen shirt.. .................. 
Temperature between linen shirt and woolen undershirt.. ...... 
Temperature between woolen undershirt and skin. ............. 
Temperature under the tongue (average of six days). .......... 

Fourth ~ t .  Ten mit&uk?a uft%r Tstuming indoom. Aaemgs of 
dszsn hga .  

Temperature between coat and vest.. .......................... 
Temperature between vest and linen shirt ..................... 
Temperature between linen shirt and woolen undershirt. .. : .... 
Temperature between woolen undershirt and skin. ............. 
Temperature under tongue (average of six days). ............... 

A m g s  of 2 p. m. n~tdmob3kd obamvaliona fvr s h n  &ya. 

Bdcon& wt. htdoora lalt minulss. Aoarogs of ekmn days. 

Temperature of room.. ........................................ 

Temperature of air. .......................................... 
Relative humidity. ............................................ Temperature of wet-bulb thermometer. ........................ 
Absolute humidit ( ains per cubic foot). ..................... 
Velocity of wind TmEs per hour).,. ............................ 

0 F. 
76.5 
84.9 
87.4 
90.3 
95.6 
98.5 

39.3 
65.3 
74.6 
81.3 
93.8 
98.3 

39.3 
81.1 
69.7 
78.1 
92.6 
98.0 

75.7 
77.9 
80.8 
86.3 
93.1 
98.0 

39.3 
36.0 
73.0 
208 
8.3 

From the limited character of these observations it is not 
expected that the values derived from them will have other 
than a very restricted application. The chief reason for 
publishing them in their present shape is that the field of 
inquiry suggested by them is an extensive one and should 
yield to more complete investigation many facta of great 
practical utility ; and, furthermore, because with the excep- 
tion of some similar observations quoted by Van Bebber as 
having been made by Rubner they are the only ones of the 
kind known to the writer. 

The following values are given by Van Bebber (Hygiea- 
ische Meteorologie, W. J. Van Bebber, 1895, p. 132) : 

I AtmorrpherIo temperature. 

I WF. I W F .  

Temperatnre between coat and vest .................... 78.6 s3.8 
Temperature between vent and llnen shirt. ............. 
Temperatnre between llnen shirt and woolen shlrt.. .... 84.1 

Temperature between woolen shlrt and skin. ........... 
The statement of the atmospheric temperature is the only 

information given relative to the meteorological conditions 
under which these values were obtained. 

At the present time it would evidently be imprudent, 
with the scanty data available, to dogmatize as to the 
relative importance of either the different meteorological 
elements or the various parts and qualities of clothing, but 
the following points appear noticeable enough to mention : 
The temperature of the different layers of clothing was in- 
fluenced decidedly by the prevailing temperature of the im- 
mediate surroundings, the former rising and falling with 
rises and falls in the latter, but the degree of change was 
variable, and perhaps, if not certainly, was very much af- 
fected by the velocity of the wind. There was one point 
wherein a result of the writer's experiments differed from a 
corresponding one as given by Van Bebber, i. e., that the 

lower the atmospheric temperature the lower also vas the 
temperature between the woolen shirt and the skin, this was 
contrary to Rubner's experience, and is worth calling atten- 
tion to, inasmuch as Rubner appears to have attached much 
significance to the increased temperature between the skin 
and undershirt a t  the lower atmospheric temperature. 

Another point noticed was in connection with the tempera- 
ture of the body as shown by that taken in the mouth. 
Upon going outdoors the body tempera.ture always fell, and 
the fall was greater in proportion to the time of exposure. 
Furthermore, upon returning indoors it did not rise quickly, 
but ten minutes afterwards remained as low as the last 
observation outdoors. A1 though no systematic observations 
were made with reference to ascertaining the time required for 
the body to regain its original degree, yet in the few casual 
experiments that were made it took from twenty to thirty 
minutes. 

Coincident with the thermometric obeervotions an attempt 
was made to estimate the subjective sensations while out- 
doors with reference to cold and warmth, and to express them 
in a few words ordinarily used. The degree of success or 
failure is shown i n  the column headed " subjective sensation " 
in the table appended. 

THEl STANDARD SYS!L'EM OF UOORDINATE AXEW FOR 
MAGNE!lTU AND MEFI'FOROLOGIUBL OBSERVA!lTONS 
AND COMWTBTIONS. 

Uniformity of method in observation and also in computa- 
tion constitutes one of the canons of modern science. As 
matters now stand, the comparative study of the published 
r e d  ta of the observations in terrestrial magnetism and me- 
teorology discloses an annoying variation in units and. co- 
ordinate systems ; a similar conflict prevails throughout the 
papers devoted to an analytic discussion of the observations. 
Since final general deductions can be best secured for science 
by cooperation, based upon uniform standards of coordinates, 
notation, and fundamental constants, it is the first duty of 
investigators to come to a sound agreement regarding these 
standard systems. In order to exhibit the present s t a t ~ e ,  
especially in the writings of the authorities who have chiefly 
influenced the development of these subjects, the coordinate 
axes and directions employed by them have been collected in 
tables for inspection. The papers cited are as follows : 

1. Gauss.-General Theory of Terrestrial Magnetism, Tay- 
lor's Translations. 1839. 

2. E m n  and Petersei~.-Erscheinungen des Erdmagnetis- 
mus. 1874. 

3. Mamuell.-Electricity and Magnetism. 1881. 
4. Mascart and Jmbert.-Electricity and Magnetism, Atkin- 

6. 8chuster.-Diurnal Variation of Terrestrial Magnetism. 

6. Schmidt.-Entwickelung der allgemeinen Formeln, eto., 

7. Schmidt.-Neue Berechnung des Erdmagnetischen Po- 

8. Von Bezold.-Uber Isanomalen des Erdmagnetischen 

9. Von Bezo2d.-Zur Theorie des Erdmagnetismus. 1897. 
10. Carlhe~~~llenekold.-L'attraction magnetique de la 

11. Laplace.-M&anique CBleste. Bowditch Trans. 1829. 
12. Ferre2.-Professional Papers. S. 0. VIII. Waldo. 1882. 
13. Ferret.-Meteorological Researchee. U. S. C. & G. S. 

14. Ferre1.-Recent Advances in Meteorology. 8.0. 1886. 
16. Oberbeck and Murgdes. Abbe's Translations. 1891. 
16. Sprung.-Meteorologie. 1886. 

By Prof. FBA~K E. BIOIMW. dated Jnne Xa. 1881. 

son'sTrans. 1883. 

1889. 

Deutsche Seewarte. 1889. 

tentials. 1896. 

Potentials. 1896. 

terre. 1896. 

Report. 1877. 
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17. Thomeon and Tait, Helmholtz, Heaviside, Hertz, Poinear;, 
Boltzmann, Watson and Burbtby, Basset, in their respective 
treatises. 

thors into a single scheme for comparison, the following no- 
tation is now adopted : R, radius of earth ; r, any distance 
from the center of the earth; 8, north polar distance; 9, 

TABLE 1.-Tha wordin& 

Author. 

Gauss (1839)) pp. 2Oo,B2,201.. .................... 

Erman and Petersen (1874)) pp. 26, 30.. ............ 

Maxwell(1881), 11, p. 121 ........................ 

Mascart and Joabert (1883)) p. 413.. ............... 

Schuster (1889), p. 475.. .......................... 

Schmidt (lSSS), p. 7; (1895) p. 9.. .................. 

Von Bezold (1895)) p. 3.. .......................... 

Carlheim-Gyllenekiild (1896)) p. 4.. ................ 

Pohntial. Coordinate forces. Direction. 

North. 

West. 

Nadir. 

North. 

West. 

Nadir. 

North. 

West. 

Zenith. 

North. 

west. 

Zenith. 

North. 

West. 

Zenith. 

North. 

East. 

Nadir. 

North. . 

East. 

Nadir. 

North. 

West. 

Nadir. 

Original notation. 

Green, Mathematical Papers (1828)) p. 21, adopts the positive potential function V=+ 2;. 
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table contains the author and reference page, the second, the 
author’s definition of the potential, the third, his coordi- 
nate forces when expressed in the standard notation ndopted 
above, the fourth, the positive coordinate directions, and the 
fifth the original notation as employed in the respective pa- 
pers, together with the equivalents in the standard system. 

It is thus seen that in terrestrial magnetism Gauss, Erninn 
and Petersen, Von Rezold, and Carlheim-Gyllenskold adopt 
the definition of the potential function V= -E:, wherem 

is the elementary mass and r the distance; but that Maxwell, 
Mascart and Joubert, Schuster, and Schmidt adopt the form 
V =  + Z?. This radical divergence, therefore, separates all 
the writings on magnetism into two groups. It is also seen 
that Gauss, Erman and Petereen, and Carlheim-Gyllenskold 
adopt as the positive coordinate directions north, west, na- 
dir;  that Maxwell, Mascart and Joubert, and Schuster adopt 
north, west, zenith; and that Schmidt and Von Bezold adopt 
north, east, nadir. There are thus three groups of papers in 
this respect. 

In  meteorological literatwe Ferrel adopted the Laplacian 
coordinates, x on axis of rotation, y in the meridian of refer- 
euce, and z a t  right angles to the plane x y in east longitude. 
Oberbeck and Margules permute the axes, nisking z the axis 
of the earth’s rotation. In  polar coordinates, with origin a t  
the center of the earth, all use Laplace’s system, except 
Guldberg and Mohn, who count angular distance along the 
meridian from the equator, instead of from the pole. The 
system with north polar distance is clearly superior for 
general investigations. When transference is made of the 
origin from the center to the surface of the earth, the dvan-  
tage of Laphe’s  polar system appears more strongly than 
ever. The confusion of coordinate axes between the author’s 
is considerable. Ferrel consistently uses the system south, 
east, zenith, but his notation is irregular and he uses letters, 
u, v,  w, set apart as velocities, for linear distances. Margules 
adopts the same system of rotation, and Sprung, also, in por- 
tions of his treatise on Meteorology. Guldberg and Mohn, 
Oberbeck (in part), and Sprung (in part) adopt, on the con- 
trary, the opposite surface rotation, east, south, zenith ; so, 
also, Hemholtz, p. 82. 

In  more distinctly physical treatises, Thompson and Tait, 
Heaviside, Watson and Burbury, Basset, Bo1 tzmann, Poincarb, 
and others adopt the convention of right-handed rotation 
about an axis drawn outward normal to the surface; while 
Helmholtz and Hertz adopt a left-hand rotation about an 
outward drawn normal. 

r 

It will probably be admitted that modern physics has quite 
uniformly settled upon three fundamental conventions : 

1. Definition of potential, 1’- + 7 
2. Positive normal drawn outward from the surface. 
3. Right-handed rotation, with translation along the posi- 

tive direction. 
It is held by the writer that terrestrial magnetism and 

meteorology must conform themselvea eventually to these 
three conventions. Any other system will be powerless to 
resist the influence of the canons of physics, if it is not in 
harmony with them. 

The accompanying Table 1 shows that Maxwell, Mascart and 
Joubert, and Schuster in terrestrial magnetism ; Ferrel, Ober- 
beck (in part), Margulos, and Sprung (in part) already con- 
form to t.hie standard. Gauss, Erman and Petersen, Csrlheim- 
Gyllenskold should change the definition of potential from 
V== - S-to V =  + Zz, and ‘also the vertical direction from 

nadir to the zenith. Schmidt and Von Bezold have the right- 
handed rotation, but the positive normal is drawn inward, 
and this should be changed to outward ; also Von Bezold should 
change the sign of the potential. 

While there are some variations in the literature of me- 
teorology, Ferrel’s system, which was fortunately perfect in 
this respect, has happily helped to put most of the analytical 
papers on the motions of the atmosphere in an acceptable 
form. Developing the angle 0 from the north pole, and the 
angle 1 toward the east, with radius extended to the zenith, 
the system x south, y east, z zenith, with u, v, w for velocity, 
and - -, - for acceleration, gives a notation which, if 
used by all writers, would reduce the labor of the compara- 
tive study of the laws of the dynamics of the atmosphere to 
a minimum. 

In  terrestrial magnetism, unfortunately, the positive mag- 
netic pole of the earth is in the southern geographical hemi- 
sphere, and the positive force develops northward, so that x 
north, y west, z zenith, would be the correaponding system. 
Confusion was originally introduced by taking the dip in the 
northern magnetic hemisphere as positive; it is properly 
negative in pure physics. The simplest change is, therefore, to 
make the vertical force positive in the Southern Hemisphere, 
directed upward, and negative in the Northern Hemisphere, 
with the corresponding values for the dip. 

The International Conference a t  Paris, September, 1896, 
voted to adopt the following coordinate system in terrestrial 
magnetism : 

m 

111 
9- r 

du dv dw 
dt’ dt dt 

Authorities quoted. 

Laplace, Mec. Celeate, I, VIII, 5 29, 5 35 ................... 
Ferrel, Prof. Pa er, 8. S., VIII, p. 6.. ...................... 
Ferrel, Meteorof Research., pp. 370-378.. ................. 
Ferrel, Report, 1885, C. S. O., p . 181,!292 ................... 
Guldbe and Mohn, Mouv. deP’Atmoa., IT, p. 4 ........... 
Oberbex (Abbe’s Trans.), pp. 15..,178,183.. .............. 
Margules (Abbe’s Trans.), p. 300. .......................... 

Origin at center. 

Rectangular. Polar. :;I; ” d  .2g 

-- 

2 
2 
X Y  ........... 
2 %  
2 %  

Origin on surface. 

Rectangular. 1 Polar. 
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s. to e ...... 
s. to e....... 
w. ton.. . . . . 
variable.... 
#.toe ....... 
se. to ne. . . 
% t o w  ...... 
se. to ne.... 

& t o n  ...... 
Qolng to w. 

X positive north, 
Y positive east, 
Z positive vertical, 

the latter ordinate, whether positive to tho zenith or to the 
nadir, apparently being undefined in the preliminary report. 
This decision seeins to be of doubtful validity, (1) since in 
case the vertical direction is positive to the nadir the second 
convention is disregarded, and (2) if positive toward the 
zenith, then the third convention is not observed. 

There are other reasons for adhering to a system of coordi- 
nates embracing the three conventions above recommended, 
as (1) the usual scheme of trigonometric instruction, (2) the 
agreement with the cyclonic circulation, when taken positive 
and right handed in the Northern Hemisphere, (3) the con- 
venience of recording movements of clouds as vectors which 
are tangent to the stream lines, “as the arrow flies,”instead of 
in the improper, even if popular, notation of the direction 
from which the wind blows. 

AI though the meteorological system develops nnturally, and 
by general usage, from the north pole, but the magnetic system 
from the south pole of the earth, yet some authors may prefer 
to count from the south po in t  i n  both systenis; in this case 
the potential and the coordinate forces in terrestrial mag- 
netism will be : 

warmer and rain. 
Wsrmer,andralnwitbln~hou~.  
Warmer andralnwithlnIhonra 
Cold and clear. aulckir followed 

ter. by cold wave. 
Clearing and colder. 

y = +  -- rm. 
. r  

d V -  d Y  2 = - - - - -, p s i  tive upward. 
dZ dr 

It is contended in this paper that all discussioiis and rec- 
ords of observations should conform to the three standard 
conveiitions. If terrestrial magnetism can not be brought into 
full harmony with the accepted meteorological system, then, 
a t  least, the only difference allowable should be that the mag- 
netic rotation starts with zero a t  the north point and increases 
westward, while the meteorological zero is a t  the south point 
and tho rotation is positive eastward ; in  both systems the 
positive rotation is in the direction north, west, south, east. 

AURORA AUSTR~LIS OF APRIL ao. 
BY M. W. CANPBXLL-HEPwOBTH. F. R. A. s.. Lieutenant Royal Naval Reserves. 
The Chief of the Weather Bureau is indebted to Coin- 

mander J. E. Craig, United Btates Navy, Hydrographer, in 
charge of United States Hydrographic Ofiice, for the follow- 
ing copy of a description of an aurora australis observed oii 
board the Canadian Australian Royal Mail Stenmahip Com- 
pany’s steanier Aorangi : 

On April 20, in latitude 47’ 30/ S., longitude 9 6 O  15/ E., at 6:30 p. m., 
a diffused light, bearing resemblance to that which ma be observed at 
night over a city strongly lighted by electricitv, was oLerved over the 
southern arc of the horizon. Horizontal flashes soon spread and 
flared in ever direction from this light above the horizon, increasing 
in length andrbrillianc until at 7:30 p. m. they weie shooting across 
the sky to within 30’ of the  northern arc of the horizon. 

Cones and circles of light traveled rapidly over the whole sky, 
flashing beams of intense brilliancy from one to the other. This con- 
tinued until 8:30 p. m. A remnrkable change then took place; the 
Rky being cloudlese, moon and stars shining brightly, an arch of bright 
green light fading off into ellow formed over the southern horizon, 
rose rapid1 to a higher ant! yet higher altitude and was  followed by 
similur arcies in regular seguence until there were six distinct arches, 
their apices being from 10 above the southern horizon to 60° above 
the northern horizon. These were formed of narrow vertical bands of 
light from 6 O  to 20° deep, bright green, and yellow at the upper ed es 
and of a rosy hue at their bases. Subsequently, these arches rapiily 
changed their shapes in all parts of the sky, others forming, but some 
kind of luminous curve was always preserved, except in one or two 

cases, when rfect ri ht angles were formed. At 9 o’clock a brilliant 
circle formeaesround &e zenith, composed of narrow bundles of light, 
similar to those already described, but. pendent overhead, and havin a 
rotary motion; this circular motion having been apparent in all &e 
formation8 hitherto mentioned. The circle was about 30O in diameter 
and the ra s of colored light or narrow bands of colored light, 88 I 
have elsewKere termed them, were not quite vertical but slightly 
inclined, thus p d u c i n  an effect which gave the ini reenion of what 
one mi h t  su pose woufd occwr in the vortex of an efectrical c clone. 
A cloufless s f  showed through the center of this ring-shapecrhssel 
of cdored Ii&. It then traveled to tlie westward. Later a s iral 
cord of light formed, having its center at the zenith, exhibdng Sree 
distinct turns of a coil. Two intensely bright formations, resembling 
waterspouts brilliantly illuminated, flared In the west, and a remark- 
ably bright meteor, starting from C:rnis Major, traveled slowly acroea 
the sky, discharging at interval8 frngments of color, and thurr adding 
to the splendor of the scene. 

Prior to 8:30 p. m., all Rasliea of li lit l i d  been horizontal. After 
that time, they were all vertical. 1 special feature in this display 
should be mentioned; these formations had all a westward movement. 

After ‘335 p. ni., the aurora was less brilliant, but burst into greater 
activity a few momentsalterwards, nioreesrially in tlienortliern semi- 
circle. This die lay lasted until 9:G p. m. tmospheric pressure for the 
p a t  fortyeight~oursliad been abnormally low,the barometer remaining 

elEw B.00 inches. At the time of the display it stood at 28.80 inches 
b B. T.” barometer 244, and was slowly rising. The temperature 
o r  the air was 43O F.; the re t  bulb reading was 4l0 F. The wind waa 
west-northwest (true), force from 5-to 4. It had been northwest 
throughout the day, force 7, and on the day revious, northwest, forre 
from 6 to 8. Squally weather, accomYie$ by rain, hail, thunder, 
and lightning, has h e n  experienced rom the 18th until noon of the 
20th. 

On the night of April 32-23, in latitude 45O S.. longitude 1 1 8 O  W. to 
lao E., from 7 p. m. to 4 a. m., another auroral display was observed 
exhibiting the phenomena of the arches. At 9 . m. (about), two 
arches, one after the other, rose slowly above the {orizon, but on this 
occasion the sky became frequently clouded :md tlie spectacle, althou Ii 
magnificent, had not that awe-inspiring grandeur which startled t i e  
eyes of the observer on the night of the 20th. 

WIND-BAROMETER TABLE. 
By E. B. QARBIOTT, Professor, Weather Biirean. 

The following table presents, in form for ready ref em tic^, 
atmospheric sigirs which have been found to presage certain 
weather chnnges and conditions over the middle and upper 
Mississippi aiid lower Missouri valleys, the Great Lakes, the 
Ohio Valley, aud the Middle Atlantic and New England 
B tabs : 

-- 
I 1- 

Barometer (reduced to sea level). I Wi$ty- I Character of weather Indicated. 
I I 

30.00 to 90.90. and steady.. . . . . . . . . . . . 
W.OU to Xl.90, and rlslng rapidly.. . . . 

Fair with allght obanges in tem- 
pehture ,  for one to two days. 

Fair. followed within twodaya by 

sO.00to30.N and faallintz rapldlg ....I 
30.m or ab&e and falling rap1 ly.. 
30.N: or abuve: and falling rapldly..’ 

sO.00: or below: 4ud falllng slowly.. . 
30.00, or below, and falling rapidly.. 

Xl.00, or below, and rising . . . . . . . . . . 
89.80. or below, and falling rapidly.. 

89.80, or below, and falling rapidly.. 

89.80, or below. and rlslng rapidly.. . , 

30.90 or above and steady ... . . . . . . . I by warmer and rain.- 
No early clran 
Rain within 18~ursthatwillcon- 

tinue a da or two. 
Rain. with i lgh wind, followed 

within two days by clearlng, 
colder. 

Clearing and colder wltbin 19 
hnurs. 

Severe storm of wind and rain Im- 
minent. In  winter snow and 
cold wave wlthln %‘hours. 

Severe northeast galea and heavy 
rain or mow. followed. In win- 

~ 

The character of tlie precipitntion, whether rain or snow, 
is governed by the temperatitro. 

Weather wisdom, gained by uti observance of local atmos- 
pheric signs and cotditioiis, hiis been possessed by nian fr(Jlkl 
time immemorial. Much of 1 his wisdom has been embodied 
in proverhs which poclsess considerable merit for the sectioiis 
arid localities in which .they originated. In  farming com- 
iiianities sayiiigs regarding the wind, the ttliuprature, the 
clouds, and evidences of atninspheric moisture have been 
haiided do\m from generation to generation; and in mari- 


